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Conclusions: Gantry position dependent field inhomogeneity in our 
upgraded MRI-linac prototype can be mitigated by appropriate 
shimming in combination with a minimum read-out gradient strength 
of 10mTm-1 to yield a spatial accuracy of 1.0mm.Given the 
reproducibility of the shim settings, look-up-table-based shimming is 
feasible for static gantry positions. This reduces the preparation time 
needed before imaging after the gantry angle has changed. For 
simultaneous gantry rotation and MR imaging, look-up-table-based 
dynamic shimming solutions may be implemented.  
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Purpose/Objective: PRIMA project developed a proton Computed 
Tomography (pCT) prototype based on tracking the single proton. 
PRIMA approaches to the pCT consist in the use of silicon detectors, 
which measure the energy and position of individual protons before 
and after they traverse the object. PRIMA prototype is characterized 
by an active area of 5 x 5 cm2 and by an acquisition rate of 10kHz. It 
was tested, under 62 MeV proton beam at Laboratory Nazionali del 
Sud, (Catania Italy) and under 180 MeV proton beam at Svedberg 
Laboratories, Uppsala Universitet, (Uppsala Sweden). During these 
beam tests several experiments concerning tomography and 
radiography images, were carried out. In particular in this work will 
be reported the PRIMA experience on the data acquired using special 
phantoms for radiography and tomography. The performed tests 
aimed to evaluate the clinical applicability of proton radiography in 
terms of image quality. In this paper the experimental setup will be 
described, radiographic and tomographic images will be shown and 
quantitative results on spatial resolution will be reported. 
Materials and Methods: PRIMA apparatus implements the 'single 
protontracking' technique: each proton is treated singularly using 
silicon tracker and its residual energy is measured by a calorimeter. 
The tracker has four silicon microstrip x-y planes to measure the 
proton coordinates in the plane orthogonal to the beam (x-y). The 
calorimeter is made of four YAG:Ce optically separated crystals, with 
size3×3×10cm3, arranged as a 2x2 matrix. This material has been 
selected due to its short decay time (70 ns) and because its 
scintillation light is in the photodiode sensitivity range. The phantom 
to be investigated is placed between silicon tracker modules and the 
radiography is reconstructed, while for tomography purpose the 
phantom is rotated using a motorized system and several projections 
are acquired and then reconstructed with a tomographic 
reconstruction algorithm. The phantoms are custom-made and 
suitable for high-contrast spatial resolution. 
Results: The FilteredBack-Projection (FBP) algorithm was used to 
reconstruct projections of a phantom acquired with a 62 MeV proton 
beam. The image noise and spatial resolution were assessed for 
different parameters of the filter used, with and without cuts on 
proton directions. Without cuts, a good compromise between 
resolution and noise (respectively, 0.900 mm and 2.4%) was obtained 
using a Butterworth filter of order 4 and cut-off frequency equal to 
20/128 of the projections Nyquist frequency. The 62 MeV proton 
radiography was reconstructed with two different methods and a 
value of FWHM 0.400±0.212 mm was found when a cut on the 
difference between the exit and entrance angle of the proton is 
applied. A value of FWHM 1.302±0.555 mm was found for 180MeV 
radiography which suffers of low statistic and therefore is noisy. 
Conclusions: These results show the good performances of the PRIMA 
prototype scanner even with low statistic and encourages working on 
the development of a similar equipment with an enlarged field of 
view. 
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Purpose/Objective: Imaging systems for patient setup verification are 
essential in particle therapy, where geometric uncertainties can 
significantly degrade the treatment efficacy. In this work we describe 
the design, commissioning and pre-clinical testing of a custom robotic 
system for image guided particle therapy. 
Materials and Methods: The system is composed by an articulated 
robot with six joints, mounting a custom designed C-arm structure 
with an X-ray tube and a flat panel with pulsed fluoroscopy 
capabilities. The system has been designed to provide both orthogonal 
static projections and three dimensional (cone beam CT, CBCT) 
imaging. 
A Leica laser tracker featuring 0.1 mm\m accuracy was used for 
commissioning the mechanical system. Both static and dynamic 
imaging were considered, to assess the absolute accuracy in 
repositioning over 20 movements in antero-posterior (AP), right-left 
(RL) and left-right (LR) positions, and vibration in cone-beam CT 
acquisition over a 220° range.  
Calibration of imaging devices was implemented as a Levenberg-
Marquardt optimization of back-projection errors, relying on a radio-
equivalent phantom with 37 embedded ball bearings. The calibration 
accuracy was calculated as the residual projection errors following 
the optimization procedure. The accuracy of the device for patient 
setup verification was quantified in the static projection modality, 
relying on a AP/LR imaging configuration and open-source 2D/3D 
registration software. Thirty known linear and rotational shifts in the 
10 mm / 1 degree range were applied to a radio-equivalent phantom, 
considering head&neck, thoracic and abdominal tumor localization. 
Results: The repeatability instatic positioning of the C-arm in 
AP/RL/LR position was found to be within 0.15 mm when measured on 
either the X-ray tube, flat panel and rotation center of the last robot 
